Quercetin is a flavonoid with highly promising bioactivity against a variety of diseases, due to its strong antioxidant, antiviral and antihistaminic effect, but these applications are limited by the low solubility of quercetin in gastrointestinal fluids and the correspondingly low bioavailability. The objective of this work is to produce encapsulated quercetin particles in sub-micrometric scale, in order to increase their low bioavailability. These particles were produced by extraction of organic solvent from oil in water emulsions by Supercritical Fluid Extraction of Emulsions (SFEE). Due to the rapid extraction of organic solvent by this method, the disperse organic phase becomes rapidly supersaturated, causing the precipitation of quercetin particles in sub-micrometric scale, encapsulated by the surfactant material. Two different biopolymers (Pluronic L64 ® poloxamers and soy bean lecithin) were used as carriers and surfactant materials. In experiments with Pluronic, needle quercetin particles were obtained after SFEE treatment, with particle sizes around 1 µm and poor encapsulation efficiency. In case of soy lecithin, quercetin-loaded multivesicular liposomes were obtained, with a mean particle size around 100 nm and around 70% encapsulation efficiency of quercetin, without presence of segregated quercetin crystals.
INTRODUCTION
Quercetin (3,3',4,4',5,7-pentahydroxyflavone, chemical structure presented on Figure 1 ) is a bioflavonoid, available in various fruits, vegetables and oils. It can scavenge reactive oxygen species, and down-regulate lipid peroxidation due to its ion chelating and iron stabilizing effect [1] . Furthermore it can promote the oxidation of Fe 2+ to Fe 3+ , which is less effective in generating free radicals. These effects of quercetin may be explained by its o-diphenol B-ring structure [2] and the ability of donating π electrons from the benzene ring, while it is remaining relatively stable [3] . It has also anti-proliferative effects in a wide range of human cancer cell lines [4] . Due to these properties, quercetin is a highly promising active compound against a wide variety of diseases.
(FIGURE 1)
A major limitation for the clinical application of quercetin is its low bioavailability, that makes it necessary to administrate high doses (50 mg/kg) [5] . Due to the low water solubility of quercetin, it has a minimal absorption in the gastrointestinal tract, and its oral bioavailability is lower than 17% in rats [6] and lower than 1% in humans [7] . Different approaches have been proposed in literature to increase the bioavailability of quercetin.
Mulholland et al. [8] synthesized a water-soluble derivative of quercetin, but its bioavailability was only 20%. Also, to increase the bioavailability of this poorly water soluble compound, drug loaded solid lipid nanoparticles could be a promising alternative, and the complexation of quercetin with lecithin and cyclodextrin in aqueous solution has been tested [9, 10] . Li et al. [11] produced lecithin encapsulated quercetin by emulsification and low-temperature solidification, with over 90% drug entrapment efficiency in spherical particles of an average diameter of 155 nm was observed. Heterogeneous morphologies were obtained with a co-existence of additional colloidal structures, like micelles, liposomes, 4 supercooled melts, drug nanoparticles, which caused a certain scatter in the particle size distribution, with particle sizes spanning the range from 20 nm to 500 nm. The absorption rate of quercetin loaded solid lipid nanoparticles was studied by in-situ perfusion method in rats, obtaining a 6-fold relative increase in bioavailability, compared to unprocessed quercetin.
Supercritical fluids are another promising alternative in the processing of natural bioactive compounds, such as quercetin, because they allow carrying out the encapsulation process at near ambient temperatures, and in an inert atmosphere, thus avoiding the thermal degradation or oxidation of the product and reducing its contamination with organic solvents. Several authors have studied the processing of quercetin by supercritical fluid technologies. Due to the low solubility of quercetin in supercritical carbon dioxide [12] , Supercritical Antisolvent (SAS) experiments have been particularly successful. By SAS processing of pure quercetin, crystalline particles with particle sizes in the micrometer range (1 -6 m) have been obtained [13, 14, 15] . Fraile et al. [16] produced quercetin particles encapsulated with Pluronic F127
by SAS technology. As in previous works, SAS-processed pure quercetin crystallized as needle like particles, meanwhile quercetin co-precipitated with Pluronic had a totally different spherical morphology, indicating that Pluronic F127 was able to successfully encapsulate quercetin. Higher particle sizes were obtained when the quercetin / Pluronic mass ratio was increased, due to the possible aggregation of the polymer shells. Obtained morphologies indicate, that quercetin particles acted as nucleation sites for the formation of a polymer film, and this film of polymer restrained the growth of quercetin particles above the mass ratio of 1/1 = quercetin / Pluronic. With this encapsulation method, the solubility of quercetin in simulated intestinal fluid was increased by a factor of 8.
Supercritical Fluid Extraction of Emulsions (SFEE) technology can be considered as an evolution of SAS technology, which is especially suitable to encapsulate poorly water soluble 5 drugs in an aqueous suspension. The process consists of forming an oil-in-water emulsion, containing the water-insoluble drug in the dispersed organic phase. By SFEE, the organic solvent is extracted from this emulsion by the supercritical solvent, which should have high affinity to the organic solvent and a low affinity to the active compound of interest. Due to the solubility differences, the supercritical solvent quickly extracts the organic solvent from the emulsion, leading to the rapid super-saturation of active compound, and hence a fast precipitation. Meanwhile in the SAS antisolvent precipitation method particle nucleation and growth occur across the whole solution volume, in the case of SFEE the formation of particles is confined within the emulsion droplets. This restrains the size of the particles obtained, that can be one order of magnitude smaller than particles produced by solution precipitation [17] .
F. Mattea et al. studied the precipitation of β-carotene by continuous SFEE in order to model the process [18] . In this study submicro-and nano-particles were obtained with a residual organic content as low as 1 ppm. The obtained particle size distribution was directly related with the droplet size distribution of the initial emulsion, while residual organic content depended on the process parameters, such as the pressure and the temperature. Model results
showed that the saturation of organic phase droplets with CO 2 caused a rapid antisolvent effect, which in the continuous implementation of the process can take place during the drop fly time, while the elimination of the residual organic solvent was much slower. Based on experimental and model results, a two-step process strategy can be proposed. The first step would involve contact between emulsion and CO 2 , to ensure the saturation of the disperse phase, in order to achieve precipitation by antisolvent effect. A second step would involve an extended contact between CO 2 and emulsion, in order to eliminate the remaining organic solvent. This step might be slower than the first, because once the particles are formed, emulsion destabilization is no longer a problem. In a subsequent work, Santos et al. extended this approach to the precipitation of lycopene [19] .
The aim of this study is to apply the Supercritical Fluid Extraction of Emulsion process to the encapsulation of quercetin. Based on the available information, two different carrier materials that have been found to increase the water solubility and the bioavailability of quercetin have been tested: Pluronic block copolymers, and soybean lecithin. The influence of the main process parameters has been studied, including properties of the initial emulsion, extraction time and extraction conditions. The performance of the process has been evaluated analysing the encapsulation efficiency and particle size and morphology of the final aqueous suspensions. To extract the organic solvent from the initially prepared emulsion, a batch SFEE equipment -presented on Figure 2 -was used. The equipment consists of two vessels: an extractor vessel with a volume of 85 mL, and a buffer vessel with a volume of 100 mL. The vessels are located in a thermostated oven, and are separable from each other by two valves.
EXPERIMENTAL SECTION

Materials
Firstly, the equipment was pressurized with scCO 2 and thermostated (typically, at 110 bar and 40ºC). Afterwards 25 mL of the initially prepared emulsion was injected by an HPLC into the extraction vessel. The emulsion was loaded after the pressurization of the system, as otherwise the disturbances caused by the addition of CO 2 can spill the emulsion out from the extraction vessel into the recirculation circuit, making it difficult to recollect the treated emulsion after the experiment. Then the HPLC pump was isolated from the circuit by closing the valve in its impulsion, and the CO 2 recirculation pump was switched on, starting the circulation of the scCO 2 between the CO 2 buffer vessel and the extraction vessel. During this process, scCO 2 was bubbled through the emulsion, in order to extract the organic solvent from it. As the scCO 2 gradually became saturated with organic solvent during this batch extraction process, it was partially renewed several times in each experiment, in order to increase the efficiency of the extraction. To do so, the extraction vessel was isolated from the recirculation circuit by closing the valves in its inlet and outlet connections, in order to 8 maintain the extraction vessel at a constant pressure, meanwhile the CO 2 was renewed in the rest of the circuit, thus minimizing the disturbances and losses of emulsion by entrapment in CO 2 during the repeated depressurization processes needed for each CO 2 renewal.
Considering that the volume of the extraction vessel is 85 mL and it contains 25 mL of liquid emulsion, meanwhile the volume of the buffer vessel is 100 mL, it is estimated that approximately 60% of CO 2 in the circuit was renewed with this procedure. After several cycles, the complete system was slowly depressurized, and the aqueous suspension -got from the emulsion by SFEE treatment -was retrieved from the extraction vessel and stored for analysis.
(FIGURE 2)
Analytical methods
Initial emulsion stability measurement by laser diffraction
A TurbiScan Classic laser scattering device (Formulaction, France) was used in order to determine the average droplet size in the initial emulsion and to characterize its possible destabilization by creaming processes [20] , due to the lower viscosity of organic droplets with respect to the continuous aqueous phase. For this, a glass vial was filled at 5.5 cm height with the sample, and inserted into the device, and the delta back scattering (ΔBS%) was recorded every 10 minutes for 8 hours. Observations for creaming were made, and the data were computed using Migration Software Version 1.3, equipped in the TurbiScan [21] .
Typically the slope of the cream peak thickness kinetics was first identified. The linear portion of this slope was zoomed and copied into the Migration Software, from where the migration rate (equivalent to the creaming index), which characterizes the breakage velocity and therefore the instability of the emulsion, is computed. The software calculates the hydrodynamic mean particle diameter (equivalent diameter) from particle migration velocity 9 V [m/s], continuous phase viscosity and density, dispersed phase density and volume fraction, using the General Settling Law [22] .
Particle size distribution measurement and morphological characterization
A Malvern Mastersizer 2000 Light Scattering device from Malvern Instruments was used in order to define the particle size distribution in the final aqueous suspension after SFEE treatment. This equipment is able to measure particle size between 0.02 -2000 µm, using a diode laser 4 mW with a dual -wavelength detection system (red light 633 nm, blue light 436 nm). The sample was diluted by deionized water in the dispersion unit (Hydro SM) to obtain an adequate level of laser obscuration and prevent multiple scattering effects. The refractive index of the dispersed phase (water) is 1.331, meanwhile for quercetin particles is 1.823.
Each measurement was performed triplicate.
Additionally, visual observations of the initial emulsions and SFEE-treated aqueous suspensions were done by microscopy in order to obtain information about the morphology of the initial emulsion and the final suspension, and to confirm the size measurements obtained by laser diffraction. Two different techniques were used depending on the particle size of the analysed samples: optical microscopy, using a Leica microscope for initial emulsion, and Cryo -TEM technology using a GATAN PB3 Cryoplunge equipment to freeze and carbon coat the sample. The carbon coated samples were analysed by a JEOL JEM-FS2200 HRP 200 kV TEM equipment with electron filtering, to obtain micrographs of the frozen samples of the final suspensions after the SFEE treatment, when lecithin was used as surfactant material, due to the too low particle size of samples for optical microscopy.
Fourier Transform Infrared Spectroscopy (FTIR) measurements were done by ALPHA PLATINUM -ATR device equipped with a high throughput ZnSe ATR crystal, produced by BRUKER. Before FTIR measurement, samples were dried in a thermostated oven under 0,1 bar vacuum for two days at 35°C, in order to remove the adsorbed water and solvents, while avoid the degradation of quercetin.
X-Ray diffraction (XRD) patterns of dried samples were determined by a BRUKER D8 DISCOVER A25 device, Generator 3KW, Ceramic cupper tube 2.2 KW type FFF, in order to determine the crystallinity of lecithin encapsulated quercetin samples. Samples were prepared similar way than in case of FTIR measurements.
Residual organic content
The remaining organic solvent concentration after SFEE treatment was measured by Head Space Gas Chromatography. Measurements were done three times in different days, in order to determine the reliability of measurements and to evaluate the standard deviations of measurements.
In order to perform the chromatographic analysis, 4 mL of sample were introduced in a 10 mL vial, and this vial was hermetically closed with a septum. The vial was heated for 1 hour in an oven at 40º C, and after that time, a sample of the vapour of the upper part of the vial (headspace) was taken with a 1000 μL syringe and introduced into the chromatograph. The syringe must be filled 3 times with that same vapour in order to homogenize its content.
The apparatus used for this analysis was an Agilent Technologies 7890A gas chromatograph 
Quercetin concentration
Quercetin concentration after SFEE treatment was determined by two different methods, depending on the surfactant material used in the experiments. In case of Pluronic L64, quercetin content in the aqueous suspension was determined by UV-VIS spectroscopy using a Shimadzu UV-2550 spectrophotometer. Measurements were done at a wavelength of 373 nm.
Samples were diluted in 20 volumes of acetone before measurement. In addition, long term stability measurements of remained quercetin were also done, keeping the samples in fridge at 4ºC at least one month after the experiment.
In samples with lecithin as carrier material, it was not possible to determine the concentration of quercetin by UV-VIS spectroscopy due to the interference of lecithin in the absorption spectra [23] . In this case, quercetin concentration was determined by HPLC using a Waters 
Antioxidant activity
Oxygen radical absorbance capacity (ORAC) measurements were also made in order to measure the ability of the antioxidant species, present in the sample to inhibit the oxidation of disodium fluorescein (FL) catalysed by peroxyl radicals generated from α, α'- 
Experimental plans and statistical analysis of results
A design of experiments was established in order to determine the significant factors influencing the final particle size distribution and quercetin recovery ratio in the SFEE treated aqueous suspensions. The design of experiments involved an analysis of process parameters changed in two levels with a full resolution plan together with three centrum point measurements, in order to determine the reproducibility of experiments and the linearity of the influencing factors. Experimental plans were analysed by the Statistica software using the DOE experimental analyses tool.
According to several articles, regarding to supercritical fluid extraction of emulsion technology, there is a significant correlation between the droplet size in initial emulsion and the final particle size distribution [19, 17] . Thus, as a preliminary study, in the first set of the experiments the main process parameters analysed were those expected to influence the properties of the initial emulsion: quercetin concentration (0.02 -0.04 w/w%), Pluronic L64
concentration (0.6 -1 w/w%), organic/water ratio (0.2 -0.3) and emulsifying time ( 2 -6 min). In five cases SFEE treatment of the emulsion was completed as well, in order to determine the required number of cycles and duration of cycles of SFEE treatment according to the final particle size distribution and residual organic content.
According to the results of the first experimental plan, a second experimental plan (three factors varied in two levels, full resolution with three centrum point measurements) was performed to study the effect of Pluronic L64 concentration (0.8 -1.2 w/w%), quercetin concentration (0.02 -0.03 w/w%) and organic/water ratio (0.25 -0.35), in the remaining organic solvent, average final particle size in aqueous suspension and quercetin recovery ratio after SFEE treatment.
Finally, a similar experimental plan (three factors varied in two levels with three centrum point measurements, not full resolution), was completed using lecithin as carrier material instead of Pluronic L64, in order to determine the significant factors influencing the average droplet size in initial emulsion, particle size distribution in SFEE treated aqueous suspensions, and quercetin recovery ratio. Varied factors were: concentration of lecithin (1.6 -2 w/w%), concentration of quercetin (0.020 -0.028 w/w%) and organic/water ratio (0.25 -0.3).
RESULTS AND DISCUSSION
Extraction efficiency of organic solvent
As a preliminary study, ethyl acetate-on-water emulsions stabilized by Pluronic L64 were treated by SFEE applying different extraction times, in order to optimize the requested treatment time decreasing the residual organic content under 100 ppm. This value is well below the restriction of FDA: 5000 ppm, corresponding with 50 mg/day [25] . Five drying cycles were applied with varying cycle times, with an extraction pressure of 10 MPa and an extraction temperature of 40ºC. The results are reported in Table 1 In order to decrease the (TABLE 1) 3.2 Emulsification of ethyl acetate in water using Pluronic L64 as surfactant:
variation of emulsion properties with emulsification conditions
As presented in Table 2 , an experimental plan was completed in order to determine the significant factors influencing the average emulsion droplet size in the initial emulsion. According to these results, a fixed emulsification time of 4 minutes was employed in all remaining experiments. Concentration of quercetin was not a significant factor on the average droplet size of initial emulsion.
(FIGURE 4) Table 2 shows the experimental plan completed in order to study the Supercritical Extraction of Emulsions using Pluronic L64 as surfactant. Figure 3 shows a micrograph of quercetin particles obtained after SFEE treatment. As presented in this figure, long needle-like particles were obtained showing some agglomeration. Furthermore, Figure 5 presents typical particle size distributions. Probably due to the needle morphology of crystals obtained in experiments, in every cases, the particle size distributions were multimodal. However, it must be noted, that due to the needle-like morphology, the accuracy of particle size measurements probably is not high, because the measured dimensions of the crystals depend on the spatial orientation of crystals in the measurement cells during measurement. As reported in Table 3 , in the experiments with the best results according to the mean particle size marked bold, the residual EtAc content was under 300 ppm and the proportion of particles with a size below 10 µm was higher than 30% (V/V%). According to UV-VIS measurements, in every case around 70% of the initially added quercetin was recovered in the SFEE treated aqueous suspension, corresponding to quercetin concentrations in the range of 0.160 -0.245 g/L, and in every cases the quercetin content was stable up to two months, with samples stored in glass vials in fridge at 4°C. [16] . Considering these results, it can be concluded that Pluronic L64 is not a suitable material to encapsulate quercetin, as the precipitation occurred as in a normal anti-solvent process, and the surfactant did not provide any additional control over particle size through the formation of an emulsion template.
Supercritical Fluid Extraction of Emulsions stabilized with Pluronic L64
Preparation of emulsions using lecithin as surfactant
In this section, an experimental plan was completed, using lecithin as surfactant material, as reported in Table 4 , analysing the process parameters (solvent/water ratio, quercetin concentration and lecithin concentration) with a significant influence regarding the average droplet size in initial emulsion, as well as final particle size distribution and quercetin recovery in SFEE treated aqueous suspensions.
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As presented in Table 5 , the droplet size of the initial emulsions prepared with lecithin, showed smaller variations with process conditions than those observed in experiments with Pluronic L64 and reported in Table 2 . According to the statistical analysis of the results presented in Table 4 , factors influencing the average droplet size in initial emulsion were the concentration of lecithin and concentration of EtAc. The concentration of lecithin should be increased in order to decrease the droplet size in initial emulsion, while the concentration of EtAc should be decreased.
In addition to a smaller droplet size and smaller variability of this size (Table 4 and Table 5 ), the use of lecithin as surfactant provided a better stability of the emulsion. This is shown in the results presented in Table 5 that summarize the measurements of emulsion stability, performed with the Turbiscan apparatus. As presented in this table, the migration rate, which is related to the emulsion destabilization by creaming effect, was less than halve in emulsions prepared with lecithin than in emulsions with Pluronic L64.
( Table 4 reports the main results obtained after SFEE treatment of emulsions prepared with lecithin. As shown in Figure 7 , after SFEE treatment, multimodal particle size distributions were obtained, with a main peak in the sub-micrometer size range, and additional peaks at larger sizes, that probably corresponded to a small number of large quercetin crystals that were not encapsulated in lecithin, in some cases visible for the naked eye.
Supercritical Fluid Extraction of Emulsions stabilized with Lecithin
The morphology of particles obtained after SFEE treatment can be observed in the TEM micrographs presented in Figure 8 . The micrographs showed vesicles of lecithin formed in the aqueous media, without presence of segregated quercetin crystals. The size observed, correspond well with the measurements obtained by laser diffraction, reported in Table 4 . In Regarding the influence of process parameters, if experimental results are analysed considering the average particle size d 0.5 , inconclusive results with weak dependencies in all process parameters are obtained, due to the low reproducibility of the tail of the particle size distribution that probably corresponds to the fraction of quercetin that was not encapsulated inside lecithin (Figure 7 ). In contrast, analysing the fraction of particles with a size below 1 µm, which can be considered as a quantitative estimation of the proportion of particles that showed an appropriate encapsulation in lecithin, a far less sensitive dependency on varied factors was observed, and only the concentration of quercetin and lecithin proved to be significant. As presented in Figure 9Figure , in order to get more particles under 1 µm according to a linear model, the concentration of quercetin should be decreased, while the concentration of lecithin should be increased. Furthermore, as presented in Table 4 , the mode of the particle size distribution, which corresponds to the mean particle size of the submicrometric particles (Figure 7 ), practically does not show any variations between experiments, with values in a range between 130 and 190 nm. The very small correlation between this size and the initial emulsion properties observed in this work is in contrast with the correspondence between these two values reported in previous works [19, 11] . This is 20 probably due to the small variation of the properties of emulsions prepared with lecithin with process conditions, described in section 3.4.
The average of recovered quercetin after SFEE is 65.4 %, corresponding to concentrations in the range of 0.16 -0.2 g/L, depending on the initially added quercetin. This result is approximately 16 -20 times higher than the solubility of quercetin in pure water (0.01 g/l)
[26], indicating that it was possible to substantially increase the amount of quercetin that could be stabilized in the aqueous suspension by encapsulation in lecithin liposomes. No significant factor was found to influence the quercetin recovery. According to Figure 10 , lecithin encapsulated quercetin was stable up to 14 days. This means that the degradation of quercetin, the crystallization process of quercetin out of lyposomes, or growing of already existing quercetin crystals are very slow.
(FIGURE 8) (FIGURE 9) (FIGURE 10)
Structural characterization
Several SFEE treated aqueous suspensions where characterized by FT-IR spectroscopy in order to determine the mechanism of encapsulation of quercetin by lecithin. As presented in Figure 11 , pure quercetin show its characteristics peaks [27] in the range of 1600 -1100 cm -1 , and OH -phenolic bending: 1400 -1200 cm -1 . Lecithin shows characteristic peaks [28] in the range of 1765 -970 (at 1765-1720 cm -1 corresponding to C=O, 1200-1145 cm -1 corresponding to P=O, 1145-970 cm -1 corresponding to P-O-C, and 1200-970 cm -1 corresponding to P-O-C + PO 2 ).
According to FTIR spectra's presented on Figure 11 , it can be observed that the characteristic peaks of quercetin are not present in the spectra of the SFEE treated sample. In contrast, a quercetin -lecithin physical mixture's spectra shows characteristic peaks of quercetin around 21 1625 cm -1 and 1170 cm -1 . This result indicates that in the SFEE treated sample, quercetin is encapsulated by lecithin and it is not present as segregated crystals.
(FIGURE 11)
An XRD spectra of physical mixture of quercetin/lecithin = 1/75 in mass and experimental run 1 and 8 were measured also by XRD, in order to examine the encapsulation of quercetin by lecithin. In order to directly analyse the aqueous suspensions without drying, samples from experimental runs were disposed on the surface of a silica slide, and their spectra was corrected as well of the spectra of the pure silica slide. As visible on the spectra presented on Figure 12 , lecithin presents a peak at 20°, meanwhile pure quercetin has high crystallinity and presents its characteristics peaks at 2θ values: 10.78°, 12.46°, 15.88°, and two more prominent peaks at 25.66°, and 27.4°. [29, 30] . According to the XRD spectra, physical mixture and the experimental runs have similar spectra than pure lecithin has, conforming that encapsulation of quercetin is performed without formation of segregated crystals.
(FIGURE 12)
Antioxidant activity
The antioxidant activity of some of the SFEE treated samples was measured by ORAC as well. In agreement with Fraile et al., the antioxidant activity of unprocessed crystalline quercetin (prepared in EtOH (abs.) / water milliQ = 1 / 1 in volume) determined in this work is 6300 ± 300 µM Trolox equivalent / g of quercetin [16] . Lecithin antioxidant activity is also presented presented in Figure 13 , reported as µM Trolox equivalent / g of lecithin. However, the SFEE treated lecithin sample (experimental run without quercetin, other settings are the same as in the case of centrum point runs), has a non-measurable and negligible antioxidant activity comparing to lecithin dissolved in water milliQ, (results not shown in Figure 13 ).
This drastic reduction of the antioxidant activity can be due to a partial extraction of low molecular weight antioxidant compounds of lecithin during the supercritical CO 2 treatment, such as sterols. Analyzing the results of SFEE treated samples, in case of experimental run 8, the antioxidant activity is not changing significantly in the following 10 days after the experiment.
Furthermore, antioxidant activity of experimental run 7 (C) also did not change significantly after 10 days. An increased antioxidant activity is obtained in experimental run 9 (with an increased lecithin concentration, quercetin / lecithin ~ 1 / 160 in mass ratio) comparing with the other SFEE treated samples.
(FIGURE 13)
CONCLUSIONS
In this work encapsulated quercetin microparticles were produced by SFEE from an initially prepared oil in water emulsion. Two types of surfactant material were tried: Pluronic L64®
and soy bean lecithin. Pluronic is not a suitable material to encapsulate quercetin because micrometric crystalline particles of quercetin were obtained without encapsulation, meanwhile with soy bean lecithin multivesicular system was obtained in sub-micrometric scale, with an encapsulation efficiency around 70%, encapsulated quercetin stable up to two weeks and residual organic content below 300 ppm, and without presence of crystalline quercetin particles. The antioxidant activity of quercetin was enhanced by encapsulation in lecithin, in agreement with previous reports that describe a synergistic effect of these two compounds, but the antioxidant activity decreased by SFEE treatment, perhaps due to a partial extraction of low molecular weight fractions of quercetin by supercritical CO 2 . 
